The black body is considered in the external general field. After introduction of the additional coefficients of stimulated emission and stimulated absorption and using the methodology of Einstein, we derive the generalized Planck formula. The application of this formula to the sonoluminescence and to the relic radiation is discussed.
The Planck distribution law of photons inside the so called black body was derived in 1900 by Planck (1900 Planck ( , 1901 .The derivation was based on the investigation of the statistics of the system of oscillators. Later Einstein (1917) derived the Planck formula from the Bohr model of atom. Bohr created two postulates which define the model of atom: 1. every atom can exist in the discrete series of states in which electrons do not radiate even if they are moving at acceleration (the postulate of the stationary states), 2. transiting electron from the one stationary state to other, emits the energy according to the law
where E n is the energy of an electron in the initial state, and E m is the energy of the final state of an electron to which the transition is made and E n > E m . Einstein introduced coefficients of spontaneous and stimulated emission A nm , B nm , B mn . In the case of spontaneous emission, the excited atomic state decays without external stimulus as an analog of the natural radioactivity decay. The energy of the emitted photon is given by the Bohr formula (1). In the process of the stimulated emission the atom is induced by the external stimulus to make the same transition. The external stimulus is a black body photon that has an energy given by the Bohr formula (1).
If the number of the excited atoms is equal to N n , the emission energy per unit time conditioned by the spontaneous transition from energy level E n to energy level E m is where A nm is the coefficient of the spontaneous emission.
In case of the stimulated emission, the coefficient B nm corresponds to the transition of an electron from energy level E n to energy level E m and coefficient B mn corresponds to the transition of an electron from energy level E m to energy level E n . So, for the energy of the stimulated emission per unit time we have two formulas :
If the black body is in thermal equilibrium, then the number of transitions from E n to E m is the same as from E m to E n and we write:
where ̺ ω is the density of the photon energy of the blakbody. Then, using the Maxwell statistics
we get:
The spectral distribution of the black body does not depend on the specific atomic composition of the black body and it means the formula (7) must be so called the Planck formula:
After comparison of eq. (7) with eq. (8) we get:
It means that the probabilities of the stimulated transitions from E n to E m and from E m to E n are proportional to the probability of the spontaneous transition A nm . So, it is sufficient to determine only one of the coefficient in the description of the radiation of atoms.
The Planck law (8) can be also written as
where the term < E ω >=h ω
is the average energy of photons in the black body and
is the number of electromagnetic modes in the interval ω, ω + dω.
In case of the n-dimensional black body, the number of modes can be determined (Al-Jaber, 2003) . We use the elementary derivation.
We know, that in case that the electromagnetic field is in a box of the volume L n , the wave vector k is quantized and the elementary volume in the k-space is ∆ 0n = (2π) n /L n . The elementary volume of the n-dimensional k-space is evidently the volume dV n between spheres with radius k and k + dk:
where Γ(n) is so called Euler gamma-function defined in the internet mathematics (http://mathworld.wolfram.com/GammaFunction.html) as
The number of electromagnetic modes involved inside the spheres between k and k+dk is then, with ω = ck, or k = ω/c and dk = dω/c,
where isolated number 2 expresses the fact that light has 2 polarizations. It means that the number of modes G n involved between spheres k and k + dk, or, ω and ω + dω, is
For the spectral distribution, we have
where the average value of energy < E n > is given by eq. (11). The spectral distribution of the n-dimensional black body has the final form following from eq. (17):
The Einstein derivation does not consider the situation where the black body is influenced by some external field. Einstein was not motivated by the case of so called sonoluminescence, or by relic radiation and so on, which play at present time in physics the fundamental role. Now, if we include some external field, it is necessary to introduce transition coefficients C nm , C mn ,. From the equilibrium condition
and Maxwell statistics (6) we get:
which can be modified using the definitions
as follows:
The generalized Planck law follows from the equation (22):
where P = β nm , Q = β mn are some function which must be calculated using the advanced solid state physics and advanced quantum mechanics. In order to get the second term in eq. (23) finite for ω → ∞, it is possible to postulate the mathematical structure of Q(ω) as follows: Q(ω) = R exp(−Sω), where R, S are some constants. The formula (23) can be probably related to the spectrum of the sonoluminescence, because the external field is the ultrasound. Sonoluminescence is defined as the emission of short burst of light from imploding bubbles in a liquid when excited by ultrasound. The effect of sonoluminescence was discovered at the University of Cologne in 1934. Franzel and Schultes put an ultrasound transducer in a tank of photographic developer fluid. They hoped to speed up the development process. Instead, they noticed tiny dots on the film after developing, and realized that the bubbles in the fluid were emitting light with the ultrasound turned on. The bubbles are very small when they emit the light. About 1 micrometer in diameter. The high compression of a small bubble of fluid is similar to the explosive compression of a pellet of material by laser beams, one of the methods proposed for the nuclear fusion.
The situation in cosmology is a such the "cosmic microwave background" (CMB) discovered in 1965 by Penzians and Wilson is of the Planck distribution of the temperature 2.7 Kelvin. This radiation was predicted by Gamow as a consequence of the Big Bang. By the early 1970' it became clear that the CMB sky is of the dipole form (it is hotter in one direction and cooler in the opposite direction with the temperature difference being a few mili Kelvin). The dipole form can be explained by the motion our galaxy with regard to the rest of universe. However, at some level one expects to see irregularities, or anisotropies of CMB, and then it is not excluded that the generalized Planck formula will be appropriate for the description of CMB.
